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Summary
Objective: Magnetic resonance imaging (MRI) has the potential to provide accurate quantification of structural changes in joint disease, with
sensitivity to change, as it can provide direct visualization of the cartilage and bone. In this study, we investigated whether knee cartilage
volume, as assessed by MRI, is sensitive to change over time in patients with osteoarthritis (OA).
Design: Sixteen patient volunteers (10 male, six female) with established OA of the knee were entered into the study and demographic data
recorded. At baseline, 12 months and 37±2 months, patients underwent simple measures of disease severity, as well as extended
weight-bearing AP knee X-rays. In addition the patient’s index knee was imaged using MR at 1.0T using a 3-D spoiled gradient–echo
sequence with fat-suppression, repetition time 50 ms, echo time 11 ms, flip-angle 40°, sagittal slice thickness 1.56 mm and in-plane pixel
resolution 0.55 mm. Manual image segmentation was performed on all knee cartilage compartments and the respective cartilage volumes
determined.
Results: Eleven of the original patients recruited completed the 3-year study. Radiographic features indicated that the majority had a
spectrum of well-established OA at entry. The average decrease in medial tibiofemoral joint space width was 0.21±0.37mm (mean±S.D.).
Comparison of MR images at baseline and 37±2 months indicated little evidence of cartilage lesion shape or size change in any of the
compartments. There was no significant MRI volume change in any of the knee cartilage compartments over the course of 1 year. The
change in total knee cartilage volume, as measured by MRI, was a loss of only 1.6%, or 0.36±1.3 ml (mean±S.D.), over the 3 years.
Conclusions: The failure to identify loss of cartilage volume over 3 years in this cohort of patients with established knee OA using MRI
challenges the face validity of this endpoint to assess structural changes in OA. © 2002 OsteoArthritis Research Society International.
Published by Elsevier Science Ltd. All rights reserved.
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There is an increasing number of interventions that may
slow the progression of osteoarthritis (OA)1. However,
research has been hampered by the lack of accurate
methods for the in vivo assessment of changes in articular
cartilage. Techniques under investigation include: arthros-
copy, an invasive procedure; molecular markers, which
have been not yet led to any measurement of clinical929value1,2; and imaging techniques, notably X-radiography
and MRI3,4. The knee joint usually is used to try to
demonstrate such changes because it is a large joint that is
easy to image and commonly is affected by OA.
Current guidelines suggest that the gold standard for the
assessment of structural change in the knee joint should be
medial tibiofemoral joint space narrowing (JSN) measured
from standardized X-ray films5,6. JSN is used as an indirect
measure of cartilage loss, one of the main pathological
features of OA. Other major changes also take place in the
marginal and subchondral bone, which can be visualized
on radiographs. Some authors have suggested that these
should be measured in addition to JSN3, but this is not
usually done. Unlike radiography, MRI can provide direct
visualization of the hyaline cartilage (as well as the menis-
cus and bone) and has the potential to provide accurate
quantification with sensitivity to change4,7. In the 1990s,
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PATIENTS
Following local ethical committee approval, 16 informed
and consenting patient volunteers were recruited. These
patient volunteers had established OA of the knee and
were under secondary care in a specialized Rheumatology
Department. Criteria for entry to the study included: current
use-related pain in the index knee to be studied; crepitus in
that knee; age >40, radiographic evidence of OA; and
willingness to participate in the study. Exclusion criteria
included: severe joint damage, defined as Kellgren and
Lawrence (K&L) grade 4 radiographic changes29; and
being on the waiting list for knee surgery. Demographic
data, e.g. age, sex, disease duration, pain severity, body
mass index (BMI) and duration of morning stiffness, were
recorded at baseline. Both at baseline and each subse-
quent visit two simple measures of disease severity were
also recorded, Health Assessment Questionnaire (HAQ),
and presence of any severe joint deformity.STUDY DESIGN
Each patient was imaged by MRI at baseline and at 4±2,
12 and 37±2 months. To assess the reproducibility of the
technique, two substudies were performed:
• Substudy 1 addressed the reproducibility of analysis of
the same image data, either with the same segmenter or
with different segmenters. One 3-D image dataset from
each of six different patient volunteers was analysed
twice by Segmenter A and once by Segmenter B.
• Substudy 2 addressed the reproducibility of images col-
lected during two different imaging sessions and ana-
lysed by the same segmenter. 3-D images were collected
2 months apart from each of five different patient volun-
teers and segmented once by Segmenter A. This
provides a conservative assessment, since the measure-
ment includes not only the ‘true’ reproducibility, but also
any underlying disease progression.
All MRI scans were performed during the middle of the day
on each occasion. Knee X-rays were acquired at baseline,
12 months and 3 years (37±2 months).ANTHROPOMORPHIC PHANTOM
An anthropomorphic cartilage phantom of the femur was
constructed by molding a sheet of extruded polyvinylchlo-
ride directly around the femoral condyles of a male skel-
eton. A 3 mm layer of stone plaster was then smoothed
around the femoral condyles and a second mold was taken,forming the outer layer of the phantom. The layers, together
with three small spacers, were secured using silicone
rubber adhesive, and the phantom was filled with a known
volume of water, doped with paramagnetic ions in order to
bring the longitudinal relaxation time T1 into the physiologic
range.IMAGING
The knee X-rays were extended weight-bearing AP
views. MR imaging was performed on a 1.0T Siemens
‘Impact’ clinical scanner using a Siemens circularly polar-
ized extremity coil, using a 3-D spoiled gradient–echo
sequence with fat-suppression. The sequence parameters
used were TR/TE=50/11 ms (40° flip-angle), generating 64
sagittal image slices each 1.56 mm thick. The field-of-view
was 140 mm, and each image was acquired with 192
phase-encode steps and displayed on a 256×256 matrix to
provide an in-plane pixel resolution of 0.55 mm. The imag-
ing time was restricted to approximately 10 min in order to
minimize patient movement artefact.QUALITATIVE IMAGE ANALYSIS
The baseline and 3-year X-ray films were read by two
observers working together (PAD and IW), and blind to date
order of the films. The radiographs were read for K&L
grade29 and for size of tibiofemoral osteophytes using the
0–3 scale and Altman atlas for standards30. Any other
major abnormalities or apparent differences between the
two films were also noted.
In a similar manner, MR images were blinded to date
order and reported by a consultant radiologist (IW). Quali-
tative assessment of images was undertaken describing
the main sites for cartilage remodeling (cartilage thick-
ness), bony remodeling (e.g. subchondral cysts or osteo-
phytes) and accumulation of joint effusion. Any other major
abnormalities or apparent differences between the two
images were also noted.QUANTITATIVE IMAGE ANALYSIS
Joint space narrowing (JSN) was measured at the mid-
point of the medial tibiofemoral compartment using the
graticule method as described by Lequesne31. The preci-
sion of the X-ray measurement in this centre has previously
been established32–34.
An image analysis package (‘Tosca’, IBM, Winchester,
U.K.) was used to segment the MR images for all four
hyaline cartilage compartments (femoral, medial tibial, lat-
eral tibial and patellar). In previous studies10 on healthy
joints, a semi-automatic image segmentation technique, in
which the segmenter placed within the cartilage a seed
point invoking a region-growing algorithm, was employed.
However, pilot studies of segmentations in this OA popula-
tion proved this semi-automated approach unreliable. Con-
sequently fully manual segmentation procedure was
employed35. Manual segmentation was performed by two
medical physicists familiar with MR images of the knee
(SJG: Segmenter A and MCK: Segmenter B) under the
supervision of a musculoskeletal radiologist (IW). Any car-
tilage associated with osteophyte formation was excluded
from the segmentations. In studies of the effect of image
quality on reproducibility in osteo- and rheumatoid arthritis
(SJG, MCK, unpublished), there was no trend for worseMR techniques were introduced which allowed quantifi-
cation of cartilage volume in the component compartments
of the knee joint4,8–15 and because of the face validity of
such a measure in OA it has been suggested that this
should become a technique of choice to assess OA in the
future16–28.
However, few data have been published to substantiate
the concept that cartilage volume is sensitive to change
over time in OA27,28. This is the subject of this communi-
cation, which reports changes in total cartilage volume in 11
patients with knee OA, observed over a 3-year period.
Osteoarthritis and Cartilage Vol. 10, No. 12 931image quality (sum of movement artefact or subjectively
determined ease of segmentation) to correlate with an
increased intra- or intersegmenter coefficient of variation.
To avoid partial volume effects, only slices with a clearly
defined articulating surface were segmented. To aid
observer interpretation of partial volume effects, a 3-D
model of the knee joint was provided for anatomical refer-
ence (‘Somso NS50’, Adam Rouilly, Sittingbourne U.K.).
Femoral, patellar, medial tibial and lateral tibial cartilage
segmentations were generated by enclosing all cartilage
pixels within a region-of-interest for each 2-D image slice.
Following careful checking and realignment of the ROI
contour where necessary, the process was repeated for
each image slice until a cartilage compartment volume had
been fully segmented. The process of segmenting an entire
knee (four compartment segmentations), with thorough
checking, took approximately 4–5 h.
The volume of each segmentation was obtained by
finding the area of each 2-D ROI and multiplying by the
slice thickness over all slices. The Tosca package uses a
curve-fitting algorithm described by Akima36 in order to
interpolate a contour defining each 2-D ROI. This spline
interpolation uses only local information to determine the
slope of a curve at each point, and it has been argued that
such an interpolation is closer to a manually drawn curve
than those produced by other splines. The area of each
enclosed ROI was obtained by interpolation using this
spline and then re-sampling the interpolated curve with
1000 equally spaced vertices to produce a dense polygon.
The area of a polygon with n vertices (xi, yi) {i=0 . . . n−1}
is then given (CJ Taylor, AD Brett, unpublished) by:
In addition to the quantitative volume calculation, 3-D
volume images were reconstructed and displayed using
the image-processing package ‘DX data explorer’ (IBM,
Winchester, U.K.).STATISTICAL ANALYSIS
All data are expressed as mean±standard deviation.
Differences in JSW and volumes were evaluated using the
two-sided Student’s t-test. P values of less than 0.05 were
considered to be significant.
Errors in measuring cartilage volumes may arise from
many different experimental or physiological sources. Such
errors can be assessed either through a single experiment
with nested analysis of variance in which all possible
sources of error are systematically varied, or through a
series of experiments with pairwise comparison in which
each possible source of error is varied in turn. The latter
approach was adopted in this work. The reproducibility of
each pairwise comparison was assessed from the test–
retest coefficient of variation (CoV). For each subject, i, the
CoV is the standard deviation, i, for the two measure-
ments on that subject, divided by the mean volume, i, for
the subject. The overall test–retest CoV for a group of N
subjects is then
Use of the CoV is most appropriate when i is propor-
tional to  . If  is independent of  , it is appropriate toi i icompare i values directly. In MRI studies in osteo- and
rheumatoid arthritis (JCW, SJG, unpublished) it has been
found that i increases with i (but with an approximately
two-thirds, not linear, power relationship, consistent with
the hypothesis that the errors in this case depend strongly
on the surface area characteristics of the segmentation,
since the surface area tends to increase with the two-thirds
power of volume). Hence the CoV was employed. Point
estimates of CoV are imprecise unless very large numbers
of patients are sampled: in this case it is also helpful to
quote the 95% confidence upper bound which can be
derived37 from:ResultsCLINICAL
Sixteen patients were recruited to the study (10 male, six
female). They had a mean age of 63.4 years (range 52–70)
and mean disease duration of 10.3 years (range 4–20).
Only 11 were available for the final assessment at three
years: two died, one lost his leg in trauma and two were lost
to follow-up. This report concentrates on the 11 patients in
whom full assessments were available at baseline and 3
years. There were five men and six women in this group,
their mean age was 61.3 years and mean disease duration
was 9.2 years. All fulfilled ACR clinical criteria for knee
OA38. In addition all were over 40 years of age, had less
than 30 min of morning stiffness, and had current knee pain
and crepitus. Seven of the 11 patients had a HAQ score of
>1.5 at entry to the study. There were no major changes in
HAQ or deformities over the 3 years of the study.
Table I shows some clinical and radiographic features of
the 11 patients who completed the study. It is apparent that
the majority had well-established radiographic changes of
OA at entry. Four patients had K&L grade 2 and five
patients had grade 3, although one set of radiographs was
reported as ‘almost normal’. The mean medial joint space
width at baseline of 4.9±1.3 mm suggests that the disease
was not very advanced in this compartment in the group as
a whole. Two patients had predominant lateral compart-
ment disease, and one had predominant patello–femoral
changes. There was little change over the 3 years (JSW at
3 years was 4.7±1.6 mm), although there was an average
decrease (not statistically significant) in medial JSW of
0.21±0.37 mm, and four patients had JSN of 0.3 mm
or more over the 3 years.GENERAL MRI OBSERVATIONS
All subjects gave analysable MRI data: no datasets were
excluded from quantitative analysis. Cartilage volumes
tended to be larger in males than in females. Segmentation
was found to be particularly difficult when dealing with
regions of very thin cartilage, where the ‘band structure’
was lost or altered, regions of ‘merged’ cartilage between
two articulating surfaces (e.g. central regions of the tibio-
femoral joint, and the base of the patellofemoral joint),
regions of cartilage above and surrounding bony abnor-
malities, such as erosions, femoral cartilage at the base of
the intercondylar notch, and also in other weight-bearing
areas; and cartilage associated with (central) ‘mushroom’
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focal cartilage loss, and were characterized by focal
regions of cartilage thinning and/or loss in all compart-
ments. This was particularly evident in the femoral and
tibial cartilage. Other common features were peripheral
osteophytes on the femur and patella, and mushroom
osteophytes mainly on the femur.VALIDATION AND REPRODUCIBILITY
The segmented phantom volume was 20.1 ml compared
with the actual volume of 20.5 ml (a 2.2% underestimation
using MRI). Table II shows the CoV for three elements of
reproducibility: intrasegmenter, intersegmenter, and scan–
scan. In comparison with the first segmentation by seg-
menter A, total cartilage volume was 1.4% higher at the
second segmentation of the same image by segmenter A,
and 4.3% lower when the same image was segmented by
segmenter B. These differences were not statistically sig-
nificant. In the study of scan–scan variation, total cartilage
volume was 0.3% lower in the second scan in comparison
with the first scan. This tiny difference was not statistically
significant.Table I
Clinical and radiographic features of patients who completed the 3 year study
Patient
ID
Clinical
(baseline)
Radiographic features (baseline) Radiographic features (three years)
Age Sex BMI K&L
Grade
Medial JSW
(mm)
Grade of
osteophyte
JSW
(mm)
Change in
osteophyte
Change in JSW
(mm)
Other features
04 67 F 30 3 2.1 2 1.5 0 −0.6 —
13 52 M 28 2 6.0 2 5.6 0 −0.4 —
21 71 M 31 1 6.0 1 6.0 0 0.0 Enthesophytes PFJ disease
24 63 F 29 2 5.7 1 5.5 0 −0.2 Chondrocalcinosis
26 70 F 23 2 4.4 2 4.6 0 +0.2 Lateral disease
28 56 M 28 1 5.3 1 5.0 0 −0.3 Almost normal
29 65 F 32 3 5.9 2 5.8 0 −0.1 Lateral disease
34 62 F 33 3 5.5 2 5.5 −1 0.0 —
35 54 F 33 3 3.1 1 2.1 0 −1.0 —
41 62 M 22 3 4.1 1 3.9 0 −0.2 Attrition Lateral TFJ
44 52 M 23 2 6.0 2 6.3 +1 +0.3 Chondrocalcinosis
PFJ: patello-femoral joint; TFJ: tibio-femoral joint.Table II
Coefficients of variation associated with repeated measurements of cartilage volume in each compartment
Substudy N Femoral Patellar Medial
tibial
Lateral
tibial
Total
Same scan, same segmenter 1 6 2.0 (4.9) 5.5 (13) 3.3 (8.1) 2.8 (6.9) 1.6 (3.9)
Same scan, different segmenter 1 6 7.8 (19) 5.9 (14) 14 (35) 5.7 (14) 4.7 (11)
Different scan, different session,
same segmenter 2 5 2.0 (5.7) 5.3 (15) 4.6 (13) 6.7 (19) 1.8 (5.2)
In each case, the first figure is the rms CoV and the second (in parentheses) is the 95% confidence upper
bound.PROGRESSION OVER 37 MONTHS
Figure 1 shows the intercondyle MR images at 0 and 37
months of patient 35 who had joint space narrowing of
1 mm over the 3-year period. These images were rep-
resentative of those obtained in this study. The radiologist’sreport on the MRI scans described cartilage lesions in
virtually all of the 3-D segmented knee compartments
examined. These can be clearly observed both in the
original MRI images and in the reconstructed 3-D image of
the MRI scans (see Fig. 2 for 3D reconstruction of MR
images from patient 35 at 0 and 37 months).
In this patient population lesions on the femur were most
commonly seen at the anterior aspect of the medial con-
dyle, the intercondylar notch and the middle aspect of the
lateral condyle. Lesions were generally located centrally on
the patella, and at various sites on both tibiae (more
commonly on the lateral tibia). The radiologist’s report
noted both increases and decreases in lesion size between
baseline and 3 years. The radiologist’s report also noted
that regions of cartilage thinning in one or more compart-
ments were clearly visible on the 3-D MRI data of four
patients. In contrast to these observations, regions of
cartilage thickening over the 3 years were identified on the
3-D MRI data of two patients. The corresponding X-rays
from these patients showed no JSW changes over time. In
three patients there was no visible evidence of temporal
change to the cartilage or joint-space width on X-ray
or MRI.
Figure 3 shows total cartilage volumes at 0, 1 and
3 years for all patients who participated in the study. Total
cartilage volumes were 15.5±1.6 ml (range of 12.3 to
16.6 ml) for females and were 21.4±4.5 ml (range of 14.7
to 29.9 ml) for males. There was no significant change in
total cartilage volume over the course of 3 years in this
patient cohort. Nor was there any significant change to any
Osteoarthritis and Cartilage Vol. 10, No. 12 933Fig. 1. Examples of magnetic resonance (MR) images. Lateral condyle region of patient 35 at baseline (left) and 37 months.Fig. 2. Examples of segmentations. 3-D reconstructed MR image
of cartilage for patient 35 at baseline (left) and 37 months (right).
During this period, joint space width increased by 0.2 mm, while
cartilage volume changes were −0.19 ml in the femur, +0.21 ml in
the patella and −0.06 ml in the tibia.Fig. 3. Changes in cartilage volume. Total cartilage volume at 0, 1
and 3 years in all patients (males: open symbols; females: filled
symbols). The symbol at the right represents ±1.8%, i.e. ±1 S.D. for
intrasegmenter reproducibility (same segmenter, different scan35).of the individual knee cartilage compartments (femur, lat-
eral tibia, medial tibia, patella) as shown in Table III.
Volume changes (loss or gain) did not even occur at a rate
comparable to the same segmenter/same scan CoV of
1.8%. MRI measured a mean loss of only 1.6% or
0.36±1.3 ml (mean±S.D.) in the knee over 3 years. Neither
this change, nor the changes in individual compartments or
at intermediate timepoints, were statistically significantAlthough the average cartilage volume did not change,
there were some large changes in individual patients.
In five of the 11 patients, the change was more than
5.5% (increase or decrease), more than three standard
deviations (i.e. three times the intraobserver CoV).
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Changes in cartilage volume in each compartment over three years
Compartment Volume (S.D.) at
baseline/ml
(N=16)
Mean (S.D.) percentage change from volume at baseline
At 4.6±1.9 months
(N=16)
At 11.9±0.4 months
(N=15)
At 37.2±2.2 months
(N=11)
Femoral 12.1 (2.9) +0.2 (4.5) P>0.2 −0.1 (4.8) P>0.2 −2.4 (7.3) P>0.2
Lateral tibial 2.3 (0.5) −0.4 (6.6) P>0.2 −0.1 (6.9) P>0.2 +3.0 (8.4) P>0.2
Medial tibial 2.1 (0.6) +2.4 (4.8) P=0.05 +2.9 (7.3) P=0.06 −1.3 (12.0) P>0.2
Patellar 2.6 (1.2) −0.4 (7.3) P>0.2 +0.8 (9.7) P>0.2 −2.5 (14.3) P=0.13
Total 19.2 (4.7) +0.3 (3.4) P>0.2 −0.2 (3.4) P>0.2 −1.6 (6.0) P>0.2Discussion
Methods to quantify cartilage volume from MRI have
been available for over 10 years8. A number of publications
exist which show the method is highly reproducible and
reflects cartilage volume measured directly from post-
operative or cadaveric samples9,12,39. Our data show a
very low CoV of the method, comparable to that reported
from OA patients in other centres18–20,24. Given the repro-
ducibility of our method, in this study we have >80% power
to detect a net change (two-sided =0.05) of 1%/year for
the total cartilage or the femoral compartment, 2%/year for
the medial tibial compartment, or 3%/year in the lateral
tibial or patellar compartment. We therefore have confi-
dence in our ability to measure cartilage volume in the knee
joint. Using this technique we have found that there was no
significant loss of total cartilage volume in 11 patients with
knee OA studied over a 3-year period. These data appear
to challenge the face validity for the use of total cartilage
volume to assess structural changes in OA.
The study was performed in a typical clinical research
setting using a readily available hospital scanner, a stan-
dard RF coil, and standard radiographic procedures in a
hospital radiology department. The protocol has been
implemented in a multicentre trial setting21. The design of
any study of chronic disease progression using rapidly
developing technology raises methodological issues, since
the methods will almost inevitably appear outdated by the
time the study is completed. The duration of the present
study from inception to manuscript preparation was about
5 years, and in that time, significant developments in MRI
methodology have occurred. The present study used a field
strength of 1.0 T. We have shown that with this knee
protocol in a multicentre study, that data collected at 1.0 T
and 1.5 T are comparable21, but no doubt the instruments
operating at 3 T, now in routine clinical use, will offer better
sensitivity and resolution, and improved statistical power
for the detection of tiny morphologic change. Improvements
in gradient technology and pulse sequence design now
allow shorter TR values, permitting higher resolution in a
given scanning time20 and shorter TE values, providing
better discrimination of cartilage from other tissues14.
Improved image analysis approaches10, focusing for
example only on weight-bearing areas or only on regions
with established lesions, may provide improved sensitivity
to disease progression. Examination of weight-bearing
regions from coronal sections has been advocated14.
Additionally, better understanding of the disease itself may
allow better identification of patients at greatest risk of rapid
cartilage loss, such as those with obesity.
The patients included in this study were a highly selected
group being recruited from a specialist clinic and undergo-
ing secondary care for their knee OA. Such groups ofpatients generally represent more advanced OA than that
seen in the community and are arguably more likely to
progress than unselected groups. However, we deliberately
excluded those with the most advanced OA, and the
radiographic data shown indicate that this group of patients
did not have very severe structural changes at entry to the
study. The demography of the group indicates that they
were reasonably representative of other hospital based
patient cohorts, although there were rather more men than
would be expected. In general, these are the sorts of
patients who are enrolled to many studies of progression or
interventions for knee OA. There is no doubt that our group
had OA; as they all fitted the ACR clinical criteria, and all
had some radiographic changes; however, in view of the
nature of the selection and the relatively small numbers we
fully accept that this group may not be representative and
the results are not necessarily generally applicable.
The generally accepted means of assessing the pres-
ence of joint changes consistent with OA is through plain
X-radiography, and in the case of the knee, the weight-
bearing AP view as used in this study. Recently it has been
shown that the semi-flexed view is more sensitive to JSN
than the standard film (with full knee extension) as used in
this study40, but again, the views reported here are those
that have been used in most other studies of knee OA. All
our patients had osteophytes, four had clear narrowing of
the medial joint space width at entry (<4.5 mm), two others
had obvious lateral compartment disease and one patello–
femoral compartment changes, suggesting that the
majority had some cartilage loss at entry to the study. We
therefore felt confident that the majority had cartilage
pathology as well as bone changes (osteophytes) and the
clinical as well as radiographic criteria for entry to an OA
study30,40,41.
Mean JSN at 3 years showed an overall loss of only
0.23 mm, which is consistent with an annual rate of change
of only 0.08 mm/annum. This is less than the rate of
change reported in most studies, which is nearer 0.2 mm/
annum3,42. Previous studies have suggested that cartilage
loss with time may be faster in people who have already
lost a significant amount of joint space width43, Table I
suggests that this may be apparent in our cases as well, in
that the two people who showed the greatest change in
medial joint space width over 3 years each had relatively
low joint space width at entry. Using the techniques of joint
space width and radiographic views described, it has been
calculated that the standard error of the measurement
mean for medial joint space width is about 0.30 mm41. Four
of our patients showed medial JSN of 0.3 mm or more over
the 3 years, which could be regarded as significant pro-
gression of cartilage damage43, in addition, three of the 11
who were reviewed after 3 years had predominant lateral
Osteoarthritis and Cartilage Vol. 10, No. 12 935compartment disease; in two of these cases we recorded
an increase of medial compartment joint space width due to
the ‘tilting’ of the knee associated with progression of lateral
compartment disease. Therefore, although the mean rate
of change was low, we believe that at least six of the 11
patients had conventional and significant radiographic evi-
dence of total cartilage loss over the 3 years, which we
would expect to be able to document with quantitative MRI
techniques.
All our patients had lesions (areas of thin or absent
cartilage), which are never seen in normals. Thus, it
appears that our patients had already embarked on a
course of disease progression with considerable cartilage
loss before entering the study. However, our data show
small variations in total cartilage volumes over the 3-year
study duration, with no individual patient showing much
loss. There are several possible reasons for the lack of
change in total cartilage volume of knee joint (measured
from MRI) in the face of disease progression in OA. The
most obvious explanation is that OA is a focal disease and
cartilage change is usually concentrated on small areas of
the joint subjected to maximal loading. Assessment of total
cartilage volumes will dilute any change in these areas. A
second explanation is offered by data from other studies
using histology, MRI or arthroscopy, which have shown that
some parts of the articular cartilage increase in volume
due to excess hydration in the early phases of OA. It is
quite possible that progression of OA in whole joints will
result in thickening of cartilage in some areas and loss of
cartilage volume in others resulting in no measurable
change in total cartilage volume. Specifically, progression
of relatively advance lesions in one compartment might be
accompanied by earlier changes in swelling of the cartilage
in another compartment. In support of this, Table III shows
that while there was no net change in volume from base-
line, there was a firm trend to increasing S.D. with increasing
time, implying that some patients showed increased carti-
lage while others show a decrease. A third possible expla-
nation is that loss of articular cartilage in the group of
patients studied was occurring too slowly to be detected
even after 3 years. However, the change in the radiographs
and visual findings on MR suggest that cartilage lesions
were progressing in many of the patients over the 3 years,
but in spite of that no individual showed any significant
change in total volumes measured from MRI. It should be
noted, that the change in JSN may reflect not cartilage loss,
but meniscal extrusion during weightbearing, as suggested
by recent MRI studies44.
One major difference in the way in which X-ray and MRI
image the joint is that the former is done with weight
bearing and the latter without. If one of the major causes for
cartilage thinning in OA is increased deformability on
weight-bearing then one might get a major discrepancy
between volume measurements on MRI and JSN assessed
on weight-bearing X-rays. However, conventional patho-
logical studies of OA suggests that the major loss of
structural elements of the cartilage occurs in the focal areas
that are most affected.Conclusions
Given these data and the arguments in the literature
reviewed above, we suggest that total cartilage volumes
will not prove as useful as hoped in the assessments of
structural change in OA. However, we do believe that MRI
is the preferred technique for the quantification of cartilagedamage. Future quantitative work should concentrate on
the assessments of focal volume areas, thickness map-
ping10,45 or quality change46 rather than the volume
measurement of the whole joint.Acknowledgments
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